Over 250 bacterial genome sequences have been completely determined. This makes it possible to study the species-specific gene expression systems involving transcription and translation for a wide range of organisms. To understand species-specific translation system, it is important to comprehend the whole set of tRNAs for individual species. When we could comprehend the whole set of tRNAs for individual speices, we could estimate optimal codons for individual species based on levels of tRNAs and multivariate analysis of codon usage for individual species because of the high correlation between tRNA contents and copy numbers of isoaccepting tRNA genes in genomes. Thus, the copy numbers of isoaccepting tRNAs in genomes are very important for understanding species-specific translation system. In the present study, we developed new identification package of tRNAs from a DNA sequence called tRNAfinder. The procedure for detecting tRNAs are as follows: Firstly, tRNA candidates are detected based on tRNA cloverleaf secondary structure. Secondly, tRNAs are selected from the candidates based on the consensus rules derived from real tRNAs. In the present study we illustrate tRNAfinder algorithm and the performance of the present system by comparing composition of tRNAs from publicly available web sites using 72 gamma-proteobacteria. Furthermore we examine the universal system of tRNA composition in gamma proteobacteria. The programs developed in the present study are downloadable from our web site.
Introduction
Over 250 bacterial complete genome sequences have been determined [1] . This makes it possible to study the species-specific gene expression systems involving transcription and translation for a wide range of organisms. To understand species-specific translation system, it is important to comprehend the whole set of tRNAs for individual species.
If we could comprehend the whole set of tRNAs for individual speices, we could estimate optimal codons for individual species based on levels of tRNAs and multivariate analysis of codon usage for individual species because of the high correlation between tRNA contents and copy numbers of isoaccepting tRNA genes in genomes, which was indeed reported for several species: E. coli [2, 3] , S. cerevisiae [4] , and B. subtilis [5] . Thus, the copy numbers of isoaccepting tRNAs in genomes are very important for understanding species-specific translation system. In the present study, we developed new identification package of tRNAs from a DNA sequence called tRNAfinder. The procedure for detecting tRNAs are as follows: Firstly, tRNA candidates are detected based on tRNA cloverleaf secondary structure. Secondly, tRNAs are selected from the candidates based on the consensus rules derived from real tRNAs. So tRNA identification procedure in the present study is fundamentally different from tRNAscan-SE algorithm [6, 7] . In the latter, tRNAs are identified by the general tRNA consensus structure of tRNAs [6, 7] . Moreover we illustrate tRNAfinder algorithm and the performance of the present system by comparing composition of tRNAs from publicly available 72 gamma-proteobacteria.. Furthermore we examine the universal system of tRNA composition in gamma proteobacterial genome sequences. The programs developed in the present study is downloadable from http://ei4web.yz.yamagata-u.ac.jp/ and the web-version is also available at http://ei4web.yz.yamagata-u.ac.jp/tRNAfinder/.
Methodology
The tRNAfinder is a set of programs for detecting tRNAs in DNA with high accuracy, which consists of six programs coded by using C-language (findCloverleaf, checkOverlap, tRNAsort, checkNucleotide, checkMismatch, showAnticodon, tRNAdraw, and countAnticodons). The procedure consists of two stages as shown in Fig. 1 . At the first stage all sequences which can form the cloverleaf secondary structures are detected in a genome sequence and are assessed by the extent of mismatched pairs and some rules determined by experimental evidence described below. In the second stage, the composition of tRNAs in a genome can be assessed and tRNA cloverleaf secondary structure is visualized. 
Search for cloverleaf secondary structures of tRNA in DNA sequence
The algorithm for searching tRNAs has previously been reported [8] . So, we briefly describe the algorithm corresponding to findCloverleaf. Fig. 2 shows the cloverleaf secondary structure of a tRNA sequence. Initially we set the following four conditions for the tRNA cloverleaf structures to satisfy; (i) the acceptor stem which is able to form a loop of 56-80 bases (positions 8-65 in Fig. 1 ) and a stem of (Fig. 3) , and the output format is shown in Fig.  4 . In execution of findCloverleaf program, "-r" option is set for raw DNA sequence, "-f" and "-F" correspond to FASTA format. In the findCloverleaf, the maximum numbers of mismatch pairs and base sequence in intron are set by the user. The default numbers are 2 for mismatch pairs and 0 for the length of intron.
Overlap check in DNA sequence
Candidate tRNA sequences are mapped in the plus strand of the DNA sequence, and overlap regions in DNA sequence are defined as those that are overlapped by multiple tRNA candidates. To save memory usage in computer, initially one tRNA in an overlap region of the plus strand is selected by checkOverlap. Secondly, one tRNA in the complementary strand (minus strand) is selected in the overlap region. Selection of tRNAs from overlapped candidate tRNAs are determined by the number of the mismatch pairs in stems of tRNAs, that is, 0 is assigned to a-u, g-c pairs, -1 is assigned to g-u pair and -5 is assigned to the other pairs. Then, one tRNA in the of a DNA strand is selected on the bas r of mismatch pairs. Finally, tRNAs are mapped in DNA in both plus and minus stra t of bot ount is s n original concept introduced by RNA candidates are arranged 
Selection of tRNA rules based on Species
Rules necessary to tRNAs were determined in several species by comparison of tRNAs determined by molecular biological experiments [9] . For example, in E. coli, the following rules are generally important for discrimination between tRNAs and pseudo cloverleafs; (Rule 1) u at the 5'-most for anticodon loop, (Rule 2) gg in D-loop, (Rule 3) g-c pairs in consensus suquences 5'gtcc3' for T-loop at the position from 53 to 56 in Fig.2 . Candidate tRNAs can be selected based on these rules by execution of checkNucleotide. Rules can be selected by comment out of the head lines of checkNucleotide program.
Quality check based on mismatch
Selection of tRNAs based on the mismatch threshold is necessary to predict tRNAs in DNA sequences. This process is carried out by checkMismatch program. In the checkMismatch, the numbers of mismatch pairs are calculated in a similar fashion as it is done in checkOverlap, and the threshold of mismatch pairs can be set by the user (the default is set by -11).
Figure 4
Output and input file formats. In A, comment line consists of accession ID, region of tRNA, and t number of mismatch pairs; in B comment line consists of accession ID, region of tRNA, amino acid correspondi to anticodon, and anticodon. In C, first 64 lines correspond to isoaccepting tRNAs with all anticodons, and in fin line all numbers in the same order are separated by a tab. In D, tRNA cloverleaf secondary structure is visualized.
Assignment of anticodon to amino acid
Polypeptides are synthesized by mRNA in translation process mediated by tRNAs. An amino acid residue is determined by an anticodon of tRNA. For example, aniticodon GAA corresponds to phenylalanine. So tRNA can be classified into twenty groups each corresponds to a type of amino acid. This is carried out by showAnticodon. Format of output file is shown in Fig.  4B .
Summary of tRNA numbers in Genomes
In case that complete genome sequence is available, a set of tRNAs in genome is important for understanding translation system in view of species diversity of tRNAs, and confirm whether or not all tRNAs are annotated. This is attained by the count of tRNA numbers for individual anicodons by countAnticodons. Format of output file is shown in Fig. 4C. 
Drawing tRNAs
Visualization of cloverleaf secondary structure of a tRNA is important for discriminating tRNAs from pseudo tRNAs, which is carried out by tRNAdraw. The output file is shown in Fig. 4D. 
Results and discussion
The complete set of tRNAs of the genome of E. coli K12 (W3110) has been determined experimentally [10] based on which we illustrate the performance of tRNA finder programs. Initially, the number of tRNA candidates searched by findCloverleaf is 2407, then by checkOverlap and tRNAsort programs the number is decreased to 2066 as shown in Fig. 1 . The number is decreased to 96 by adopting three rules. Finally, 86 tRNAs are obtained by checkMismatch program, which is identical to that determined by [10] . So we try to predict all tRNAs in gamma-Proteobacteria which includes E. coli.
Appendix table 1 shows isoaccepting tRNA numbers in 72 gamma-proteobacteria whose genome sequences were determined completely. In Legionella pnesumophila str. Paris, all of the numbers determined by the present study are different from those in the public web site (tRNAscan-SE analysis of complete genomes), and the numbers in case of L. pneumophila str. Paris determined by the present study are identical to those for the same genus L. pneumophila str Lens. This situation occurs in Salmonella enterica subs. enterica serovar Typhi str. ATCC9150 and Xanthomonas oryzae pv oryzae KACC 10331. This means that tRNAscan-SE fails to detect some tRNAs in those species. So by the present algorithm, we can detect complete set of tRNAs for each species, at least all codons are translated by the set of tRNAs detected.
Universality of isoaccepting tRNAs can be determined by comparing the sets of isoaccepting tRNA numbers for a wide variety of species. Table 1 shows the number of species possessing each isoaccepting tRNA. Isoaccepting tRNAs possessed by all gamma-proteobacteria are indicated by rectangles drawn by red lines, and those possessed by more than 65 species are indicated by rectangles drawn by dotted red lines. Fourteen isoaccepting tRNAs with anticodons GNN except for anticodons GGG for prorine and ACG in alginine exist in (almost) all species. Twelve isoaccepting tRNAs with anticodons UNN except anticodons for isoleucine/methionine and arginine exist in (almost) all species. Thus, these two types of isoaccepting tRNAs are universal tRNAs for gamma-proteobacteria. In addition to those, isoaccepting tRNAs with anticodon CAU for isoleucine/methionine, and anticodon ACG for arginine are also univasal tRNAs. Universality of isoaccepting of tRNAs with anticodons CNN is very low except for anticodons CCA for tryptophan and CAA for leucine. Thus, the universal isoaccepting tRNAs among wide range of species can be estimated by the comparing tRNA compositions for individual species when tRNAs are detected in high accuracy which can be accomplished by the present algorithm. It is necessary to use multiple detection methods for constructing a complete set of tRNAs in a genomes. 
